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INVESTIGATION  OF  THE  METHOD  OF  AEROSOL  IMMUNIZATION 
WITH  Pcu/Ot*  PLAGUE  VACCINE  CM  WIDE  CONTINGENTS  OF  PEOPLE 

N.I.  Aleksandrov,  N.Ye.  Gefen,  K.G.  Gapochko,  N.S.  Garin, 

S.S.  Danilyuk,  L.L.  Ye.gcrova,  R.F.  Kuzina,  G.G.  Koridze, 

A.P.  Labinskiy,  V.A.  Lebedinskiy,  A. I.  Maslov,  N.P.  Osipov, 

V.A,  Silich,  M.S.  Smirnov  and  N.I.  Tsyganova 

(Received  26  September  1062) 

Successful  testing  of  the  method  of  aerosol  immunization 
against  plague  on  limited  contingents  of  people  was  carried  cut 
in  I96I  with  the  authorization  and  recommendation  of  the  Serum- 
Vaccine  Committee  of  the  Ministry  of  Health  of  the  USSR  to 
lttadl'c  mere  widespread  testing. 

While  perfoi'ming  this  work  we  simultaneously  solved  several 
problems,  particularly  the  approval  of  the  technique  for  mass 
aerosol  immunization  with  pov^der  plague  vaccine  under  practical 
conditions,  the  verification  and  refinement  of  the  data  obtained 
earlier  which  Indicated  the  harrnlessness  and  low  reactcgenlcity  of 
this  method  of  immunization,  and  also  the  comparison  of  the 
reactogenicity^, immunological  effectiveness  of  the  aerosol  method 
of  vaccination  with  the  reactogenicity  and  and  immunological 
effectiveness  of  the  subcutaneous  and  epicutaneeus  methods  of 
administering  -t  living  plague  vaccine. 

In  addition,  in  a comparative  aspect  we  studied  the  single 
and  double  schemas  for  a dminist'-ring  the  plague  vaccine. 


1 


For  the  aerosol  immunization  we  used  a dry  living  pc\wdtr  plague 
vaccine  made  from  the  EV  strain. 

The  vaccination  was  conducted  in  normal  rooms  JO  rr.^  and 
3 

112  m . At  the  time  of  the  administrations  of  the  immunisation 
10-190  persons  were  accomodated  in  these  room  simultaneously. 

The  preparation  was  continuously  octOm‘.zer\  during  the 

course  of  the  administration.  During  the  immunization  in  the 
room  with  the  small  volume^ in  the  process  of  selecting  the  opti- 
mum dose  of  the  preparation^  3 to  30  g of  vaccine  were  octor*Mic<l 
During  the  massive  vaccination  which  took  place  in  the 
large  room,  the  outflow  of  preparation  was  10-12  g.  The  duration 
of  the  immunization  cycle  was  25  minutes  (preparation  - 10  min- 
utes, vaccination  - 15  minutes). 

The  aerosol  immunization  was  administered  to  71 6 persons. 
Before  the  vacinnation  we  conducted  tneir  medical  examination, 
including  a detailed  inspection,  analyses  of  the  blood  and 
urine,  and  also  a roentgenoscopy  of  the  chest  organs.  The 
contingent  subjected  to  the  immunization  was  composed  cf  virtu- 
ally healthy  people.  Of  these  persons  who  were  inncculatedJ 26 
had  been  vaccinated  subcutaneously  with  the  EV  vaccine  two  years 
earlier. 

After  the  vaccination  medical  supervision  was  established 
for  those  immunized. 

The  state  of  health  of  the  550  persons  innoculated  by  the 
aerosol  method  was  traced  for  a year,  up  to  the  present  time, 
and  seme  deviations  from  the  norm  were  recorded  in  them. 

An  examination  of  those  persons  immunized  during  the  first 
eight  days  after  the  vaccination  included  daily  thermometry, 
interrogation  for  the  purpose  of  explaining  subjective  sen- 
sations, hemotolngical  and  roentgonoscopic  Investigations. 

The  blood  sampling  and  the  roentgenoscopy  wore  conducted  cn  the 
lst-2ni,  Jrd-';t.h,  yth-oth  day  of  observation.  In  each  of  these 


time  periods  we  examined  an  average  of  50  persons. 

The  immunological  effectiveness  of  the  vaccination  was  eval- 
uated by  setting  up  intracutaneoun  allergic  tests  with  pestin*, 
manufactured  in  the  Saratovsk  Anti-Plague  Institute.  The  other 
test  which  we  used  was  the  determination  of  the  titer  of  specific 
antibodies  in  the  hemagglutination  reaction  according  to  the 
Levi  technique.  The  testing  with  pestin  and  the  titer  determina- 
tion of  the  antibodies  were  carried  out  on  the  7th,  30th,  and 
90th  days  after  the  vaccination. 

With  the  inhalation  of  8-195  million  microbes  of  the  EV 
strain  there  we re  no  pcst-vaccinal  reactions  in  any  of  the  718 
immunized  people.  An  increase  in  the  inhaled  dose  to  200-300 
million  microbes  caused  the  manifestation  of  general  post-vaccinal 
reactions,  which,  however,  were  recorded  rarely  (in  3 of*  the  100 
immunized)  and  proceeded  in  a light  (2^)  or  average  (1?')  form 
^■/ith  respect  to  weight) with  an  increase  in  temperature  to  37.2- 
38°.  These  reactions  completely  pass  after  12-36  hours. 

Ko  local  reactions  to  the  immunization  appeared  cn  the  part 
of  the  respiratory  organs. 

In  the  majority  of  people  subjected  to  the  aerosol  vaccina- 
tion we  noted  shifts  in  the  state  of  the  prescribed  elements  of 
the  blood,  expressed  primarily  in  the  change  in  the  quantity  of 
leukocytes  (Table  1).  Even  after  1-2  days  in  the  absolute  major- 
ity of  those  innoculated  (87$)  the  quantity  of  leukocytes  grew; 
in  addition,  in  half  of  the  cases  this  increase  exceeded  the 
boundary  of  the  physiological  norm  (9000  per  1 rr.rn^ ) and  should 
be  valued  as  leukocytosis.  Three-four  days  after  the  vaccination 
we  observed  a tendency  toward  a reduction  in  the  number  of  leuko- 
cytes in  part  of  those  persons  innotulated  (in  J»0\?  of  the  examines 
cases  the  number  of  leukocytes  was  lower  than  the  initial  level, 
in  36.5/'  - somewhat  higher  and  in  23.5'/-'  - at  the  same  level). 
Leukocytosis  was  recorded  only  in  13.5?'  In  this  time  period. 

Unfcund  word  [nee-run]. 
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suits  of  the  investigation  of  the  hemograms  of  persons  subjected  tc  aero 

ticn  with  ^o-odtr  plague  vaccine 
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A count  of  the  leukocytes, 
tnk«n  on  the  7th-8th  days  after 
the  vaccinaticn,  again  indicated 
cl  sharp  inci  ease  in  their  num- 
, her,  recorded  in  78. Uf  of  those 
inncculated;  in  addition,  in  al- 

t r> i 1 

most  half^ithic  v:as  valued  as 
pronounced  leukocytosis.  It 
should  be  emphasized  that  the 
degree  cf  increase  in  this  period 
was  more  pronounced  than  in  the 
earlier  examination  periods:  cn 

the  7th-8tn  days  the  average  num- 
ber of  leukocytes  per  1 rmn^  v/as 
97-’5*  at  the  same  time  on  the 
lst-2nd  days  after  the  immuniza- 
tion this  factor  'was  8536. 

Sharp  changes  with  re- 
pect  to  the  leukocytes  in  those 
persons  vaccinated  were  also 
noted  during  the  countings  of  the 
leukocytic  formula.  These  changes 
were  pronounced  in  the  increase 
in  the  number  cf  neutrophils  with 
a relative  decrease  ■’n  the  number 
cf  lymphocytes.  An  increase  in 
the  number  of  neutrophils  is 
accompanied  by  a shift  to  the 
left  because  of  the  stabnuclear 
forms.  A pronounced  and  con- 
stant increase  in  the  number  ?f 
monocytes  was  characteristic. 


A significant  change  in  the  settling  rate  of  the  erythrocytes 
was  not  noted  in  any  of  the  examination  periods. 

The  data  obtained  during  the  course  of  the  hematological 
examinations  of  those  persons  vaccinated  indicate  that  in  the 
majority  of  persons  a general  stereotyped  reaction,  pronounced 
in  the  changes  in  leukocytes,  developed  in  response  to  the  immu- 
nization . 

The  setting  up  of  intracutaneous  tests  with  pestln  preceded 
the  investigation  of  this  preparation,  whose ( purpose  was  to  de- 
termine the  specificity  of  the  reactions  caused  by  it  in  those 
persons  innoculated.  The  data  obtained  from  130  non-J immunized 
persons  revealed  the  absence  of  pronounced  nonspecificity  of  the 
reactogenicity  of  the  preparation.  Positive  reactions  were 

recorded  in  only  7 persons  (5.**£).  Similar  results  were  obtained 
in  experiments  on  guinea  pigs . 

The  aerosol  vaccination  with  footer  plague  vaccine  caused  a 
sharp  immunological  reorganization  in  those  persons  innoculated, 
which  v/as  manifested  both  in  an  increase  in  the  sensitivity  to 
pestin  and  in  an  accumulation  of  specific  antibodies  (Table  2). 

Table  2 

Results  of  the  setting  up  of  intracutaneous  tests  with  pestin  and 
the  determination  of  the  titer  of  the  antibodies  in  those  persons 
vaccinated  by  the  aerosol  method1 
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1T.G.  Abdullin,  K.I.  Volkov oy,  . I . Kcsh’yan  and  Yu.II.  Zakharov 
took  part  in  the  study  of  immunological  effectiveness. 


S>. 


In  addition  to  this  we  undertook  an  investigation  whose  pur- 
pose was  to  study  the  react ogenicity  and  immunological  effective- 
ness of  a double  aerosol  vaccination  and  to  compare  it  with  the 
reactogenicity  and  immunological  effectiveness  of  the  other 
schemas  and  methods  of  administering  a living  plague  vaccine 
(single  aerosol,  single  and  double  epicutaneous  and  subcutaneous). 

The  double  aerosol  vaccination  was  given  with  a 5-day  inter- 
val. The  dose  of  the  first  vaccination  was  an  average  of  200 
million  microbes,  the  dose  of  the  second  - 100-200  million  mi- 
crobes. To  obtain  comparable  data  a group  of  people  were  simul- 
taneously innoculated  one  time  with  a vaccine  with  a 200-300 

million  microbe  dose. 

For  subcutaneous  and  epicutaneous  vaccinations  we  used 
vaccines  from  the  Irkutsk  Anti-Plague  Institute  (series  No.  3^) 
and  the  Saratovsk  Anti-Plague  Institute  (series  No.  3).  With 
a double  vaccination  the  interval  between  administrations  of  the 
preparation  was  7 days.  YJith  a subcutaneous  immunization  we 
administered,  according  to  instructions,  one  human  dose  of  the 
vaccine  the  first  time  and  0.6  human  dose  the  second  time.  The 
epicutaneous  vaccination  was  given  in  accordance  with  real  in- 
struction. 

The  most  pronounced  immunological  reorganization  was  recorded 
in  persons  vaccinated  twice  by  the  aerosol  and  subcutaneous 
methods;  the  second  most  pronounced  - in  these  vaccinated  once 
by  these  methods.  The  immunological  effectiveness  of  the  single 
and  double  epicutaneous  vaccination  was  lower  than  with  the  first 
two  methods  of  vaccine  application  (Table  3). 

The  reactogenicity  of  the  vaccination  methods  examined  by  us 
differed  significantly  (Table  •'}).  The  sum  percentage  of  the 
general  reactions  to  the  single  aerosol  vaccination  did  net  exceed 
3;  in  addition,  not  one  strong  reaction  was  recorded.  Repented 
aerosol  vaccination  caused  the  manifestation  of  general  post- 
vaccinal reactions  somewhat  more  often  (10.');  in  addition,  in 
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half  of  them  ohe  reaction  was  evaluated  as  strong.  With  respect 
to  the  clinical  picture  the  reaction  did  not  differ  from  the 
reaction  to  the  first  vaccine  aspiration.  With  repeated  adminis- 
tration of  the  vaccine  we  noted  the  manifestation  of  local  reac- 
tions (in  5."-  of  those  inncculated) , which  proceed  ir.  the  back- 
ground of  the  general  reaction  and  manifest  themselves  In  the 
form  of  light  laryngotracheites,  which  disappeared  immediately 
after  the  reduction  in  body  temperature  to  the  normal  level. 

Subcutaneous  innoculaticns  were  significantly  more  reactc- 
genic.  With  a single  administration  of  one  human  dose  (2  billion 
microbes  for  the  given  series)  the  general  post-vaccinal  reactions 
(depending  on  the  series  of  the  preparation) were  recorded  in 
41-100,?;  in  addition,  in  16.4-92;'  of  the  persons  vaccinated  they 
were  evaluated  as  of  average  severity  and" serious.  The  general 
post-vaccinal  reactions,  which  appeared  in  response  to  the  sub- 
cutaneous administration  of  the  preparation,  did  not  differ,  with 

i 

respect  to  the  clinical  picture,  from  the  reactions  to  the  aero- 
sol vaccination;  however,  their  symptoms  were  significantly  more 
pronounced  and  they  continued  tc  be  serious,  being  accompanied  by 
the  complete  lack  of  work  capability  on  the  1st,  2nd,  and  }rd 
days.  A local  reaction  to  the  subcutaneous  inncculaticn 
(infiltrate  and  soreness  at  the  place  of  the  administration, 
regional  lymphadenitis)  was  observed  in  the  absolute  majority 
of  persons  vaccinated  (95-100;?)  and  continued  for  2-7  days. 

Repeated  subcutaneous  administration  of  a decreased  dose  of 
vaccine  (1.2  billion  microbes)  caused  general  reactions  in  a 
smaller  percentage  of  cases  (28).  Local  reactions  were  observed, 
as  before,  regularly  (£>';') . 

The  reactogenicity  of  the  epicutanecus  me*  od  of  im r.uni ra- 
tion was  studied  from  the  results  of  the  mass  single  vaccination 
of  56  00  persons,  general  reactions  wore  observe  1 in  5.6',  local  - 
in  96 w of  those  inn oc elated . Repeated  epicutanecus  vaccination 
did  net  cause  general  reactions. 


9. 


The^data [given',  lead  to  the  conclusion  that  the  most  pro- 
nounced sero-allergic  shifts  are  recorded  in  the  persons  innocu- 
lated  twice^wlth  the  aerosol  and  subcutaneously;  however  the 
reactogenicity  of  the  aerosol  method  of  vaccination  is  immeasur- 
ably lower  than  the  reactogenicity  of  the  subcutaneous  method. 

The  epicutaneous  method  of  immunizat ion,  with  respect  to  general 
reactogenicity,  corresponded  to  the  aerosol,  however,  with  respect 
to  the  number  of  local  reaction^  significantly  exceeded  it  and 
yielded  to  it  ’with  respect  to  the  level  of  sero-allergic  reorgan- 
ization which  appeared. 

CONCLUSIONS 

' 1.  The  jingle  aerosol  immunization  of  people  with  po*»>Aev 

plague  vaccine  was  accompanied  by  a weak  general  reaction. 

jjT.  double  aerosol  vaccination  of  people,  carried  out 

with  a short  interval  between  innoculations (5  days),  was  charac- 
terized by  a somewhat  higher  reaction  compared  with  the  single 
vaccination.  The  reaction  was  significantly  less  pronounced 
than  with  a subcutaneous  vaccination. 

j5.  Tne  epicutaneous  method  of  immunization  with  respect  to 
number  and  intensity  of  general  reactions, corresponded  to  the 
single  aerosol,  but  with  respect  to  local  reactogenlcity  it  sig- 
nificantly exceeded  the  aerosol. 

The  most  pronounced  sero-allergic  shifts  were  noted  in 
these  persons  who  were  innoculated  twice;  in  addition  the  immuno- 
logical effectiveness  of  the  aerosol  method  of  vaccination  cor- 
responded to  the  immunological  effectiveness  of  the  subcutaneous 
method.  The  immunological  effectiveness  of  the  single  and  double 
epicutaneous  immunization  is  lower  than  the  aerosol  ana  subcu- 
taneous . 

rj.  Na-jaoed  to  roako  a further  and  more  in-depth  comparative 

jig 

study^of  the  factogenicity  and  immunological  effectiveness  of  the 
aerosol,  subcutaneous  and  epicutaneous  methods  of  immunization 
against  plague. 

J 
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